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Many instances of large-scale coordination occur in real-life social situations without
the explicit awareness of the individuals involved. While the majority of research to date
has examined dyadic interactions – those between two individuals – during intentional
or deliberate coordination, the present review surveys the handful of recent studies
investigating behavioral and physiological synchrony across groups of more than two
people when coordination was not an explicit goal. Both minimal (e.g., visual information,
shared location) and naturalistic (e.g., choir voice section, family relationship) group
interactions appear to promote unintentional group synchrony although they have so
far only been studied separately. State differences in unintentional group synchrony,
or the relative presence of coordination in various conditions, have tended to be
assessed differently, such as using correlation-type relationships, compared to its
temporal dynamics, or changes over time in the degree of coordination, which appear
to be best captured using phase differences. Simultaneously evaluating behavioral,
physiological, and social responses as well systematically comparing different synchrony
measures could further our understanding of the influences on and measures of group
synchrony, allowing us to move away from studying individual persons responding
to static laboratory stimuli and toward investigating collective experiences in natural,
dynamic social interactions.
Keywords: group synchrony, interpersonal coordination, collective experience, group processes, social
interaction
INTRODUCTION
Interpersonal synchrony, or the temporal coordination of actions and responses among
individuals, is a common and central feature of human interactions and gatherings. Coordinated
movement is theorized to have evolved to establish and maintain group cohesion, promoting
enhanced coordination during survival-relevant activities such as hunting or warfare (McNeill,
1997; Phillips-Silver et al., 2010; Dunbar, 2012). Psychological experiments have shown that
synchrony of movement between different individuals appears to blur the boundary between
self and other, fostering social rapport and increasing group cooperation (Hove and Risen, 2009;
Wiltermuth and Heath, 2009; Lakens and Stel, 2011). Similarly, anthropological field studies have
observed that physical synchrony during large-scale social gatherings, such as Andaman Islanders
performing dance rituals (Radcliffe-Brown, 1922), street revelers during Carnival (Ehrenreich,
2007), and ravers dancing to beat-heavy music (Olaveson, 2004), leads to feelings of being one
with the community or “collective effervescence” (Durkheim, 1915). However, while interpersonal
synchrony appears to both reflect and influence social processes, the factors that give rise to this
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phenomenon and the means by which it can be quantified have
only recently become a topic of increased research interest.
This has been in part due to difficulties in operationalizing the
construct of interpersonal synchrony (Bernieri and Rosenthal,
1991). Some researchers have described synchrony as the
correspondence between two or more individuals’ internal
states and attitudes (Scheflen, 1964). Others have described
synchrony instead as the correspondence between two or more
individuals’ endogenous behavioral rhythms, such as verbal or
bodily activity cycles (Davis, 1982). Correspondence between
people’s internal states and endogenous rhythms, however,
is often thought to be reflected in the degree of temporal
congruence in their physical behaviors (Scheflen, 1964; Davis,
1982; Bernieri and Rosenthal, 1991). Consequently, synchrony
has also been defined as simply the co-occurrence in time
of two or more individuals’ behaviors, including muscle
movements, body postures, and vocalizations (Condon and
Ogston, 1966).
Although joint action, communication, and relationship
formation rely on the coordination of behaviors between
two individuals (Tickle-Degnen and Rosenthal, 1990; Fiske,
1992; Clark, 1996), such coordination also occurs and is
frequently required in situations involving three or more people.
However, while a large body of research has attempted to
examine and quantify unintentional and intentional dyadic
synchrony (see Marsh et al., 2009; Oullier and Kelso, 2009
for reviews), it remains unclear if or how such investigations
and measures could be generalized to the study of group
synchrony (Richardson et al., 2012), which may underlie
other important social processes such as group cohesiveness
(Campbell, 1958) and group decision making (Janis, 1982). In
addition, while joint social activities often require individuals
to intentionally or deliberately coordinate their behaviors to
achieve a shared goal (see Keller et al., 2014; Elliott et al.,
2016 for reviews), many social interactions that do not instruct
individuals to align their behaviors also frequently lead to
unintentional or spontaneous coordination (Richardson et al.,
2007; Lakens, 2010). In contrast to intentional synchrony,
which tends to override the intrinsic dynamics or rhythms
of individuals’ behaviors, unintentional synchrony enables
the assessment of the factors that constrain and maintain
coordination among people’s movements or responses during
unstructured interactions (Richardson et al., 2007; Lakens,
2010).
Early experimental work, which relied on behavior
coding by trained observers at regular intervals, showed
unintentional coordination of a group of listeners’ non-verbal
behaviors like nodding and posture to a speaker’s speech and
movements (e.g., Kendon, 1970; LaFrance and Broadbent,
1976; Hadar, 1989; see Bernieri and Rosenthal, 1991 for
review). The present review surveys the handful of more
recent studies that have examined synchrony of behavioral
and physiological responses across more than two people
when coordination was not an explicit goal outside of listener-
speaker interactions, providing an overview of the research
questions addressed and the methods of quantifying synchrony
employed.
INFLUENCES ON SYNCHRONY
Previous studies of unintentional group synchrony have
investigated how shared experiences, or common contexts and
situations, are reflected in behavioral and physiological responses.
We divide these studies into two categories based on the level
of contextual constraint in the experimental design: minimal
group interaction and naturalistic group interaction. Minimal
group interaction involves incidental mutual environmental and
sensory information (e.g., visual information, shared location)
and has been associated with increased movement synchrony.
On the other hand, naturalistic group interaction reflects some
form of organizational or social structure (e.g., choir voice
section, family relationship) and has been found to correspond
with enhanced autonomic synchrony.
Minimal Group Interaction
Some studies of unintentional group synchrony have examined
the influence of minimal group interaction. Such experiments
are designed to involve the least possible reciprocal action
between individuals following from incidental mutual sensory
information. These studies investigated whether simply being
in a room together with other participants or having visual
information on other participants was enough to promote
group coordination. These paradigms provide a constrained
experimental setting to investigate variables that contribute
to unintentional group synchrony, although they may not
necessarily be representative of real-life group interactions.
In a laboratory setting with minimal interaction, Richardson
et al. (2012) examined if group synchrony could be facilitated
by mutual information among individuals. Groups of six
participants each rocked chairs while seated in a circle facing the
center, either with their eyes closed, which would have captured
chance coordination, or with their eyes open, which provided
information about others’ actions. Rocking chair movements
showed higher synchrony among participants when their eyes
were open, and thus had visual information about other group
members, compared to when their eyes were closed.
Similarly, Codrons et al. (2014) assessed the influence of other
people’s presence on movement and autonomic coordination
across individuals in the absence of explicit cues to synchronize.
Groups of 10 participants each performed an arm lifting motion
without instructions on whether to synchronize to an external
auditory rhythm (i.e., metronome beat or music excerpt). The
participants performed the experiment either one at a time,
which controlled for spurious coordination due to a movement
intervention, or together at the same time, which tested for
the effect of group settings. Participants assessed collectively in
a group, compared to those examined individually, displayed
greater synchrony of arm swinging during both the metronome-
assisted and uncued conditions. They also displayed greater
synchrony of breathing time courses measured by a respiratory
belt during the music-associated and rest conditions.
Naturalistic Group Interaction
Other studies of unintentional group synchrony, in contrast, have
investigated the effects of naturalistic group interaction. These
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experiments evaluate individuals as they perform real-world tasks
or participate in real-world events that involve a predetermined
social or cultural structure. More ecologically valid contexts such
as these, while limited in the types of causal inferences that can be
drawn, enable researchers to study the dynamics of unintentional
synchrony in real-life group interactions.
In a laboratory study with naturalistic interaction, Müller and
Lindenberger (2011) examined whether intentional behavioral
coordination among individuals, such as singing in a choir,
also promotes unintentional synchrony of autonomic responses.
Cardiac and respiratory measures from eleven singers and one
conductor were obtained during performance of a music piece
either in multiple voice parts or all in unison. Choir members
demonstrated higher heart rate and breathing synchrony during
singing relative to resting and when singing together compared
to singing different voice parts. Breathing synchrony may have
arisen as a function of note duration since holding the same
pitch for the same period would require similar inhalation and
exhalation patterns for individuals singing together. Breathing
synchrony, in turn, may have facilitated heart rate synchrony
since inhalation has been associated with increased heart rate and
exhalation with decreased heart rate (Schäfer et al., 1998; Yasuma
and Hayano, 2004).
Outside of a laboratory setting, during a fire walking
ceremony, Konvalinka et al. (2011) assessed the effects of ritual
participation and observation on autonomic synchrony, in the
absence of coordinated movement, in a group with various
degrees of relatedness. Arousal, as indexed by heart rate, was
measured in 38 individuals belonging to different groups: fire
walk participants, local and related spectators, and non-local and
non-related spectators. Even with the lack of overt synchronized
behavior, active participants and related spectators showed higher
synchrony of heart rate compared to unrelated fire walkers
and audience members. Heart rate synchrony may have been
promoted by similar arousal increases and decreases during the
fire walking ritual between performers and related spectators.
These common arousal dynamics may have resulted from shared
or mirrored emotions (Jackson et al., 2006; Maughan and
Gleeson, 2008) enhanced by the presence of a close relationship
(Hein and Singer, 2008).
In addition, Néda et al. (2000a) investigated the development
and dynamics of coordinated rhythmic applause in concert
halls. They recorded audiences at several theater and opera
performances using microphones hanging from the ceiling as
well as near some randomly selected individuals. Clapping
by audience members exhibited greater synchrony during
slower clapping rhythms with less variability across individuals
relative to faster clapping rhythms with more variability across
individuals. There is a lack of synchronization during early
applause as audience members clap faster to make noise and show
appreciation. Slower, and thus quieter, applause then develops
as they slow or double their clapping period in an inadvertent
attempt to synchronize with others. Synchronization disappears
as the applause continues when they slip back to fast clapping to
increase noise again.
The small number of studies conducted so far and the
limited types of measurements collected, however, make it
difficult to draw conclusions about how shared experiences
influence unintentional group synchrony of behavioral and
physiological responses. Does minimal group interaction
promote physiological synchrony to the same degree as
naturalistic group interaction? Does behavioral synchrony arising
from shared experience facilitate physiological synchrony or
vice versa? Do behavioral and physiological synchrony resulting
from shared experience contribute differentially to social
bonding? These questions could be more precisely addressed by
simultaneously evaluating behavioral, physiological, and social
responses.
MEASURES OF SYNCHRONY
Prior studies on unintentional group synchrony have developed
various ways of quantifying behavioral and physiological
responses corresponding with shared experiences. We categorize
these methods into two types based on the aspect of interpersonal
coordination they evaluate: state differences and temporal
dynamics. Our review indicates that state differences in group
synchrony, reflecting comparisons between particular conditions,
have been mostly described using correlation. In contrast, the
temporal dynamics of group synchrony, which capture similarity
or dissimilarity over time, seem to be better represented by phase
difference.
State Differences
Several studies of unintentional group synchrony compared
movement or autonomic coordination among individuals
between different group or time conditions. These state
differences in group synchrony, which are reduced to a single
index of similarity for an entire time period, have been
assessed for the most part using correlation- or coherence-
type relationships between each pair of participant time courses.
In addition, while some of these methods simply calculate an
index of similarity among individuals’ behavioral or physiological
responses, other methods extract additional indices that describe
other aspects of the relationship among individuals.
With generalized partial directed coherence (Schelter et al.,
2009; Codrons et al., 2014), a partial coherence spectrum plot,
which represents the degree of similarity between time courses
as a function of frequency while controlling for the influence of
other participants, is first created for each pair of participants.
Coherence values are then averaged for each plot (i.e., pair) and
in turn averaged across all pairs for each condition. Similarly,
intersubject correlation analysis (Hasson et al., 2004; Kauppi
et al., 2014) first computes a correlation coefficient for each pair of
participants as a measure of similarity between their behavioral or
physiological time courses. These correlation coefficients are then
averaged across all pairs for each condition.
Meanwhile, in cross-recurrence quantification analysis
(Webber and Zbilut, 1994; Shockley et al., 2002; Konvalinka
et al., 2011), a cross-recurrence plot, which represents every
instance when one phase space trajectory goes through the
same region as another phase space trajectory (i.e., when
a point along a time course has the same value as a point
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along another time course), is constructed for each pair of
participants. Different indices for each plot (i.e., pair), such
as predictability (i.e., strength of coupling) and stability (i.e.,
duration of coupling), are then calculated and entered in a
comparison of means between conditions. In contrast, phase
synchronization indices (Kitzbichler et al., 2009; Müller and
Lindenberger, 2011) are derived from a matrix where each row
represents the phase difference over time between one pair of
participants’ behavioral or physiological time courses. For each
row (i.e., pair), indices denoting the coupling duration (i.e.,
how long phase differences remained constant), overall coupling
(i.e., proportion of in-phase synchronization), and positive
or negative coupling (i.e., deviations from complete in-phase
synchronization) are computed and used in a comparison of
means between conditions.
Temporal Dynamics
In contrast, a few studies of unintentional group synchrony
instead examined how movement or autonomic coordination
across individuals developed over time. These measures of the
temporal dynamics of group synchrony, which are derived from
some index of similarity at each time point, have tended to be
based on phase differences between participants’ time courses.
Some of these methods calculate an index of similarity using
pairwise statistics, while other methods derive an index of
similarity from group information.
To assess time-varying group synchrony, intersubject phase
synchronization and sliding window intersubject correlation
average across measures of similarity over time between each
pair of participants in a group. With intersubject phase
synchronization (Rosenblum et al., 1996; Glerean et al., 2012;
Kauppi et al., 2014), the instantaneous phase time series for
each participant’s behavioral or physiological response is first
extracted. The difference at each time point between the time
series of each pair of participants is then calculated as an indicator
of their similarity. Finally, the difference time courses from all
pairs of participants are averaged and normalized such that
higher values represent greater group synchrony. With sliding
window intersubject correlation (Glerean et al., 2012; Kauppi
et al., 2014), correlations between each pair of participants’
time series are calculated for multiple time points within a
sliding window, representing similarity between two individuals’
responses over time. The time courses of correlation values
from all pairs of participants are then averaged, with higher
values indicating greater group synchrony. Thus, these measures
define group similarity as the aggregate of pairwise interactions,
which enables the relatively straightforward generalization of
established methods for evaluating dyadic coordination to
investigations of group synchrony.
In contrast, other ways of assessing time-varying group
synchrony, such as the cluster phase method and Kuramoto
order parameter, calculate a measure of similarity over time
based on information from the group as a whole. With the
cluster phase method (Frank and Richardson, 2010; Richardson
et al., 2012), the instantaneous phase time series for each
participant’s behavioral or physiological response is first extracted
and then averaged across all participants to obtain one group
time series. The difference at each time point between each
individual time series and the group time series is then calculated
as an indicator of a participant’s similarity to the group.
Finally, the difference time courses from all participants are
averaged and normalized such that higher values represent
greater group synchrony. With the Kuramoto order parameter
(Néda et al., 2000a,b), only an overall group time series (i.e., not
from individual data) for a particular response (e.g., the noise
intensity of applause after a performance) is used to compute
a measure of similarity among individual participants. First,
a short-time moving-average time course (e.g., the square of
the original clapping noise signal relative to the mean level) is
constructed from the group time series. The order parameter,
which is the maximum of the normalized correlation between
the resulting time course and a harmonic function, is then
calculated at each time point, with higher values indicating
greater group synchrony. Thus, these measures define group
similarity as the combination of individual responses relative
to the group, which may allow a more direct and intuitive
characterization of group synchrony compared to combined
pairwise interactions.
In general, there does not seem to be a standard method
for quantifying unintentional group synchrony. Are similarities
between individuals’ behavioral or physiological responses better
captured by correlation or coherence, which is based on variance
information or data spread, or by phase difference, which is
based on temporal information or timing details? Are similarities
amongst individuals’ behavioral or physiological responses better
represented by correspondence between pairs of individuals or by
the relationship of one individual to the rest of the group? Future
studies would greatly benefit from a systematic comparison of
the discriminability and reliability of these different methods of
quantifying unintentional group synchrony.
CONCLUSION
Unintentional group synchrony of behavioral and physiological
responses is an essential feature of numerous social processes.
Findings so far suggest that minimal (e.g., visual information,
shared location) and naturalistic (e.g., choir voice section, family
relationship) group relationships both promote unintentional
group synchrony of body movements and autonomic responses.
In addition, state differences in unintentional group synchrony
have been primarily evaluated using correlation- or coherence-
type relationships between participants. On the other hand, the
temporal dynamics of unintentional group synchrony have been
mostly assessed using phase differences between participants as
they capture moment-by-moment changes.
However, the limited number of studies that have examined
unintentional group synchrony and the lack of standardized
methods for measuring it mean that the factors that influence
it and the means by which it can be quantified remain unclear.
Do minimal and naturalistic group relationships, as well as
behavioral and physiological synchrony, contribute differentially
to social processes? Which aspects of similarity between
individuals’ responses are accurately and reliably captured by
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correlations or coherences compared to phase differences and by
pairwise statistics compared to group-based calculations?
Understanding how these influences on and measures of
unintentional group synchrony reflect social processes is crucial
as we move away from studying individual persons responding
to static laboratory stimuli and toward investigating collective
experiences in natural, dynamic social interactions. Future
studies could address these outstanding questions by evaluating
behavioral, physiological, and social responses concurrently.
Finally, a systematic evaluation of the different measures available
would provide valuable insights regarding how unintentional
group synchrony could be quantified.
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